1. Introduction {#s0005}
===============

It is reported that nowadays 15--20% of women start pregnancy as obese, 20--40% gain more gestational weight than recommended, and accordingly obesity increases among the women of childbearing age. According to the World Health Organization (WHO) criteria, the prevalence of obesity among pregnant women (BMI \> 30 kg/m^2^) is between 1.8% and 25.3%. In Turkey, 27.2% of pregnant women are reported to be overweight and obese ([@b0185], [@b0030]). According to the WHO criteria, those whose BMI are lower than 18.5 kg/m^2^, between 18.5 and 24.9 kg/m^2^, between 25 and 29.9 kg/m^2^, and between 30 and 39.9 kg/m^2^ are considered as thin, normal weight, overweight and obese respectively ([@b0150], [@b0185]). Based on the WHO\'s obesity classification, in 2009 the Institute of Medicine (IOM) recommended that thin, normal, mildly obese and obese pregnant women should gain 11.5--16 kg, 7.0--11.5 kg, 12.5--18 kg and 9 kg respectively ([@b0060], [@b0005]).

Excess gestational weight and maternal obesity cause gestational diabetes, hypertensive diseases, preterm labor, birth induction, difficult birth and birth complications, increase in cesarean birth, postpartum hemorrhage, thromboembolism, breastfeeding problems, depression ([@b0085], [@b0155], [@b0115], [@b0185]). Prematurity, stillbirth, congenital anomalies, macrosomia, and childhood obesity ([@b0050], [@b0130], [@b0145]). In a multi-centered prospective study in which 16,000 pregnancies were investigated, the comparison of the pregnant women with BMI between 30 and 39.9 kg/m^2^ and those with BMI 30 or less showed an increase in the risk of maternal obstetric problems (gestational diabetes, gestational hypertension, preeclampsia) and neonatal outcomes (fetal macrosomia) ([@b0170]). In another study with 100,000 females with a normal body mass index before pregnancy, those that gained weight less than 11.5 kg during pregnancy were found to have a lower risk of having preeclampsia, unsuccessful induction, head-pelvis inconvenience and delivering a large baby according to cesarean and gestational age ([@b0040]). In the majority of the previous studies, pre-pregnancy body measurements, gestational weight gain, pregnancy and birth complications, neonatal descriptive information and data regarding complications were obtained based on the patient\'s file or statements. For this reason, our study was conducted prospectively to determine whether gestational weight gain was below 8 kg (low weight gain) or greater than 16 kg (high weight gain), and the neonatal and obstetric outcomes of maternal BMI by following up pregnant women from the first follow up and to postpartum period.

2. Materials and methods {#s0010}
========================

2.1. Participants and procedures {#s0015}
--------------------------------

This study was carried out prospectively between 1 July 2014 and June 2015 in Kanuni Training and Research Hospital, Gynecology and Obstetrics Clinic with the pregnant women whose follow ups and deliveries were conducted in this hospital. A total of 987 pregnancies were observed, but after the exclusion criterion \[births at less than 28 weeks of gestation (n = 29); morbid obese (n = 42), multiple pregnancies (n = 35); have severe systemic diseases (47), fetal and placental anomalies (31), and BMI recorded after 16 weeks of gestation (n = 105)\] the number of pregnancies and births regularly observed was 698 (69.8%). The pregnancies with pregnancy follow-up from the first trimester (the first third month) were included in the study. The data such as the gestational age, the number of gestations, the number of births, gestational week, body weight before pregnancy, height, body mass index (BMI-kg/m^2^), placental anomalies (31), and BMI recorded after 16 weeks of gestation (BMI-kg/m^2^), body weight before and at delivery, monthly body weight gains, work status, previous illnesses, the gestational age at delivery and the treatment they hadwere obtained from the pregnant woman herself. Interventions in labor, the duration of labor, time to start breastfeeding, and newborn characteristics were recorded through researchers\' follow-up. The duration of labor was evaluated in 3 time periods by measuring with a partograph. The first cervical dilatation is the time from 3 cm to full cervical dilatation (10 cm). The second one is the time from full cervical dilatation to the birth of the fetus and the third one is the time from the birth of the fetus to the birth of the placenta. Cervical dilatation was measured by midwives working in the delivery room.

Exclusion Criteria: The cases without adequate anamnesis, those who had genetic disease in their family or themselves, those who were morbidly obese (BMI \> 40 kg/m^2^), those who had multiple pregnancies, those who had less than 28 weeks of gestation, those with severe systemic or surgical diseases before pregnancy, and fetal and placental anomalies were not included in the study.

BMI (kg/m^2^) was calculated using maternal weight and height data. Women were classified according to the World Health Organization criteria: underweight (BMI \< 18.50 kg/m^2^); normal weight (BMI 18.50--24.99 kg/m^2^; reference group); overweight (BMI 25.00--29.99 kg/m^2^); obese (BMI 30.00--34.99 kg/m^2^) ([@b0180]) and were divided into three gestational weight gain categories; \<8 kg (low weight gain), 8--15.9 kg and 16+ kg (high weight gain). Gestational weight gain was described as the difference between the maternal body weights recorded when the woman attended the delivery room and the one measured during the first visit to the outpatient clinic.

The findings were investigated under the following headings; instrumental vaginal delivery, the rate of cesarean delivery, infant birth weight, requirement of labor augmentation with oxytocin, small and large infants according to gestational weeks, duration of birth, episiotomy rate, average infant birth weight, the incidence of Apgar score (\<7 at 5 min), necessity of infant admission to a neonatal unit, and the onset of breastfeeding.

2.2. Statistical analysis {#s0020}
-------------------------

Statistical analysis was performed using Statistics Package for Social Sciences for Windows, version 21.0. The differences in the variables were evaluated by Chi-square-test for categorical data or by One-way Anova test for continuous data. The results were assessed at a confidence interval of 95% and at a significance level of p \< 0.05.

2.3. Ethical considerations {#s0025}
---------------------------

Ethical issues (Including plagiarism, informed consent, misconduct, data fabrication and/or falsification, double publication and/or submission, redundancy, etc.) have been completely observed by the authors.

3. Results {#s0030}
==========

The prevalence of overweight (BMI 25.00--29.99 kg/m^2^) in the participants of the study was 20.6%. Obesity (BMI 30.00--34.99 kg/m^2^) existed in 3.9% of them. In addition, 70.8% of the pregnant women gained 8--15.9 kg during pregnancy and 19.9% gained over 16 kg. According to BMI, weight gain in overweight and obese participants was 12.2 and 11.5 kg in average respectively ([Table 1](#t0005){ref-type="table"}).Table 1Distribution of women gestational weight gain categories according to maternal BMI class (kg) (n = 698).BMI and gestational weightgain categories (kg)n (%)**BMI** BMI \< 18.5 (Underweight)47 (6,7) BMI18.5--24.9 (Normal)480 (68,8) BMI25-29.9 (Overweight)144 (20,6) BMI ≥ 30 (Obese)27 (3,9)**Gestational weight gain categories (kg)** \<8 kg65 (9,3) 8--15.9 kg494 (70,8) 16+139 (19,9)  BMIGestational weight gain Categories (kg)n (%)Mean gestational weight gain (SEM)\<18.5\<8 kg\
8--15.9 kg\
16+2 (4,3)30\
(63,8)15\
(31,9)14,81 (0,67)18.5--24.9\<8 kg\
8--15.9 kg\
16+36 (7,5)354\
(73,8)90\
(18,8)12,67 (0,17)25--29.9\<8 kg\
8--15.9 kg\
16+17 (11,8)100\
(69,4)27\
(18,8)12,28 (0,36)≥30\<8 kg\
8--15.9 kg\
16+10 (37,0)10\
(37,0)7\
(25,9)11,59 (1,09)

Maternal characteristics, obstetric and neonatal outcomes of the women according to BMI classification are shown in [Table 2](#t0010){ref-type="table"}. The difference between the BMI groups in terms of age and parity was found statistically significant (X^2^ = 20,122; p = 0.003 \< 0.05; X^2^ = 9,155; p = 0.027 \< 0.05 respectively). The obese women were a little older, and generally multigravida.Table 2Maternal characteristics, obstetric and neonatal outcomes of women with BMI class (n = 698).Maternal characteristics, obstetric and neonatal outcomesBMI \< 18.5\
Mean (%)BMI 18.5--24.9\
Mean (%)BMI 25--29.9\
Mean (%)BMI ≥30\
Mean (%)*p* value*Age* ≤193 (6,4)35 (7,3)8 (5,6)1 (3,7)X^2^ = 20,122\
p = **0.003** 20--2931 (66,0)320 (66,7)75 (52,1)12 (44,4) ≥3013 (27,7)125 (26,0)61 (42,4)14 (51,9)  *Education* Primary school and below17 (36,2)237 (49,4)81 (56,2)17 (63,0)X^2^ = 10,242\
p = 0.115 Middle-high school25 (53,2)213 (44,4)52 (36,1)10 (37,0) University and over5 (10,6)30 (6,2)11 (7,6)0 (0,0)  *Parity* Primigravida19 (40,4)202 (42,1)47 (32,6)5 (18,5)X^2^ = 9,155\
p = **0.027** Multigravida28 (59,6)278 (57,9)97 (67,4)22 (81,5)  *Gestasyonel week* ≤375 (10,6)25 (5,2)7 (4,9)0 (0,0)X^2^ = 4,242\
p = 0.236 38--4142 (89,4)455 (94,8)137 (95,1)27 (100)  *Type of delivery* Vaginal delivery44 (93,6)430 (89,6)44 (30,6)1 (3,7)**X^2^** = **283,075**\
**p = 0.000** Cesarean section3 (6,4)50 (10,4)100 (69,4)26 (96,3)  *Instrumental delivery* Yes5 (10,6)16 (3,3)80 (55,6)26 (96,3)**X^2^** = **318,720**\
**p = 0.000** No42 (89,4)464 (96,7)64 (44,4)1 (3,7)  *Amniotomy* Yes12 (25,5)128 (26,7)49 (34,0)5 (18,5)X^2^ = 4,370\
p = 0.224 No35 (74,5)352 (73,3)95 (66,0)22 (81,5)  *5.dk Apgar score* \<7 at 5 min4 (8,5)22 (4,6)23 (16,0)11 (40,7)**X^2^** = **55,316**\
**p = 0.000** 8--10 at 5 min43 (91,5)458 (95,4)121 (84,0)16 (59,3)  *Birthweight* \<2500 g2 (4,3)43 (9,0)24 (16,7)2 (7,4)**X^2^** = **16,564**\
**p = 0.011** 2500--3999 g44 (93,6)414 (86,2)115 (79,9)21 (77,8) ≥4000 g1 (2,1)23 (4,8)5 (3,5)4 (14,8)  *Induction of labor* Yes28 (59,6)269 (56,0)119 (82,6)26 (96,3)**X^2^** = **47,015**\
**p = 0.000** No19 (40,4)211 (44,0)25 (17,4)1 (3,7)  *Episiotomy* Yes35 (74,5)316 (65,8)104 (72,2)24 (88,9)**X^2^** = **8,497**\
**p = 0.037** No12 (25,5)164 (34,2)40 (27,8)3 (11,1)  *Breast-feeding* First half hour28 (59,6)358 (74,6)89 (61,8)12 (44,4)**X^2^** = **70,234**\
**p = 0.000** First hour11 (23,4)86 (17,9)17 (11,8)3 (11,1) First 2 h6 (12,8)23 (4,8)22 (15,3)8 (29,6) First 3 h1 (2,1)1 (0,2)8 (5,6)1 (3,7) Non-breastfed1 (2,1)12 (2,5)8 (5,6)3 (11,1)  *Requiring admissionto neonatal intensive care* Yes1 (2,1)12 (2,5)8 (5,6)3 (11,1)**X^2^** = **8,248**\
**p = 0.041** No46 (97,9)468 (97,5)136 (94,4)24 (88,9)[^3]

The rate of cesarean (X^2^ = 283,075; p = 0.000 \< 0.05), instrumental birth (X^2^ = 318,720; p = 0.000 \< 0.05), induction (X^2^ = 47,015; p = 0.000 \< 0.05), episiotomy (X^2^ = 8,497; p = 0.037 \< 0.05), late breastfeeding (X^2^ = 70,234; p = 0.000 \< 0.05), low apgar (\<7 at 5 min) (X^2^ = 55,316; p = 0.000 \< 0.05) the admission to the neonatal intensive care unit (X^2^ = 8,248; p = 0.041 \< 0.05) and the newborn at 4000 g or more was found to be higher in overweight and obese pregnancies ([Table 2](#t0010){ref-type="table"}).

The duration of first and second phases in labor in overweight and obese pregnancies lasted longer than that of the thin and normal pregnancies (F = 7.929; p = 0 \< 0.05; F = 5.470; p = 0 \< 0.05 respectively). The difference between the groups in terms of the duration of the third phase of labor was not statistically significant (F = 0.162; p = 0.922 \> 0.05) ([Table 3](#t0015){ref-type="table"}).Table 3The comparison of average duration of labor with the BMI Class (n = 698).Duration of laborBMI \<18.5\
Mean ± SDBMI 18.5--24.9\
Mean ± SDBMI 25--29.9\
Mean ± SDBMI ≥30\
Mean ± SDF*p* valueFirst stage (from 3 cm dilation to 10 cm dilation10.83 ± 3.659.83 ± 3.9113.12 ± 3.9614.82 ± 4.365.470**0**.**022**Second stage (from 10 cm dilation to delivery)17.55 ± 8.9517.78 ± 9.4820.44 ± 11.1025.88 ± 9.977.929**0**.**000**Third Stage Time (min) (from the birth of the fetus to the birth of the placenta)15.87 ± 9.3415.65 ± 8.1915.59 ± 9.4016.77 ± 8.550.1620.922[^4][^5]

4. Discussion {#s0035}
=============

The WHO reports that the prevalence of obesity in pregnancy changes from 1.8% to 25.3% ([@b0180]).^5^ In a retrospective study conducted in 2004--2011 with 30,298 participants in the obstetric population, 2.8% were found thin, 52.5% were normal, 27.8% were overweight and about 17% were obese ([@b0130]). In a study carried out with 1252 women in our country, 7.9% of pregnancies were reported to be thin, 60.3% normal, 23.7% overweight and 8.1% obese at the beginning of pregnancy according to BMI groups ([@b0005]). In our study, according to the BMI values of WHO, 6.7% were thin, 68.8% were normal, 20.6% were mildly obese, 3.9% were obese, and in the mildly obese, the average weight gain in pregnancy was 12.2 kg and in obese it was 11, 5 kg, higher than the amount recommended by IOM. In a study with 94.696 pregnant women with normal BMI, it was found that 60% of pregnancies did not gain weight in the range recommended by the IOM, 17.8% gained less weight than recommended (\<11.4 kg) and 42.8% gained more weight than recommended (\>15.9 kg) ([@b0040]). These results, which show differences between the countries in maternal anthropometric measurements, indicate that body weight gain during pregnancy is not at the desired level, even though they do not exactly correspond to our study results.

There are studies showing that there are differences between the parity and age, and pregnancy body weight gain as well as the ones reporting a positive relationship between them ([@b0175], [@b0130] [@b0005], [@b0190], [@b0010]). In our study, it was determined that there was no significant difference in terms of education, gestational week, and amniotomy rates among the BMI groups, but multiparas and elderly women in each category of BMI were found to have gained more weight in gestation than primipara and younger women. That is, as the age and parity increase, BMI increases, too. Our study results are consistent with the studies showing a difference between age and parity and BMI.

Studies suggest that women who are overweight and obese in gestation have an increased risk of cesarean ([@b0095], [@b0135], [@b0105]) birth due to complications such as dysfunctional action, prolonged labor and shoulder dystocia caused by fetal macrosomia ([@b0085], [@b0150], [@b0115], [@b0080]). It was reported that cesarean delivery rate was 20.7% for normal-weight nulliparous, 33.8% for obese nulliparous and 47.4% for morbid obese nulliparous, and showed that obesity was an independent risk factor for cesarean birth ([@b0170]). In our study, it was determined that the birth rate of cesarean birth was higher than the other two groups with BMI 25--29.9 and ≥30.

It was suggested that more weight gain than recommended and maternal obesity increased the complications such as induction in labor ([@b0110], [@b0090], [@b0175]), episiotomy application ([@b0065], [@b0120]), interventional vaginal delivery ([@b0175], [@b0095], [@b0120]), and non-progressive action ([@b0160]). Similarly, our study also showed that the rate of induction, episiotomy, and interventions at vaginal birth in pregnancies with mild obesity and obesity were higher than those in normal weight pregnancies. It is thought that overweight and obese women face more interventions during labor due to the increase in intrapartum complication rates.

The most important determinant of newborn weight is maternal body weight gain, which increases by about 260 g in newborn body weight due to maternal body weight gain of 1 kg each. The lower body weight gain than recommended leads to low birth weight (\<2500 g) newborns, while the more weight gain leads to high birth weight (\>4000 g) ([@b0005]). In a study with 126,080 women without hypertension and diabetes mellitus in their pregnancy follow-up, obesity was reported to increase the risk of macrosomia by 1.4-times ([@b0035]). As reviewed by IOM reviewing 35 studies, a strong association was found between body weight gain and newborn body weight in gestation ([@b0165]). In these studies, it is argued that excess maternal body weight gain increases neonatal weight by affecting hypothalamic release of intrauterine fetus, pancreatic islet cells, and adipose tissue. Likewise in our study, we found that the birth weight of newborns in 2.1% of those with thin BMI, 4.8% of those with normal BMI, and 18.3% of those with mildly obese and obese BMI was found as ≥4000 g.

Maternal obesity poses risks for the life of the newborn by increasing the risk for macrosomia, fetal distress and low Apgar score, hypoglycemia, and meconium aspiration ([@b0140], [@b0115], [@b0080]). Studies show that the apgar scores of babies of obese pregnancies are lower than those of thin obese pregnancies and that admission rates for newborn intensive care units are higher in these babies ([@b0015], [@b0135], [@b0080]). In addition, studies indicate that large-born babies remain in the intensive care unit at a higher rate ([@b0055], [@b0150]). A retrospective study by [@b0090] showed an increase in the admission of obese mother\'s infants to the neonatal intensive care unit compared to those who were not. [@b0045] indicated that the spontaneous breathing time of infants of overweight and obese women was later and the rate of the necessity for neonatal resuscitation and neonatal intensive care was higher. Similarly in our study, we found that babies of BMI ≥ 30 needed intensive care of newborns at higher rates.

Studies suggest that more weight gain than recommended for maternal obesity and pregnancy reduces the likelihood of successfully starting to breastfeed, leads to starting to breastfeed later, and tending to breastfeed less ([@b0055], [@b0095], [@b0070]). It is also stated that lactogenesis is delayed due to postpartum complications and it is difficult to breastfeed because of having big breasts ([@b0075], [@b0020]). Similarly, in our case, it was determined that the rate of starting to breastfeed of overweight and obese pregnant women in the first hour was lower than the other pregnancies.

There are previous studies reporting that compared to normal weight women overweight and obese women have a prolonged duration of labor ([@b0055], [@b0160], [@b0040], [@b0050], [@b0100], [@b0130]). In a study involving 63,829 nullipar women, [@b0025] stated that the average duration of labor was longer in obese and overweight women, but the second birth phase was shorter in obese women. [@b0125] found that the duration of first birth in obese women was longer than that in women with normal BMI, but there was no difference in terms of obese and normal-weight women in the second phase. In our study, the duration of the first and second phases of labor in overweight and obese pregnancies lasted longer than those with thin and normal BMI. These results, which show that maternal obesity and overweight in pregnancy prolong especially the first phase of labor, suggest that maternal obesity and excess pregnancy weight cause a prolonged duration of labor even though this does not corresponds exactly with our study results.

5. Conclusions {#s0040}
==============

The study results indicated that obesity was an important risk factor for maternal and fetal adverse outcomes. As maternal BMI values and pregnancy weight gain increased, the rate of cesarean and interventions at births, admission to the newborn intensive care unit increased, early onset of breastfeeding decreased, and the first and second phases of labor prolonged. Being pregnant with an ideal BMI and gaining normal weight in gestation will achieve a healthy mother and baby by lowering the weight gain and the complications that the mother and the newborn will suffer.

Funding {#s0045}
=======

The author received no financial support for the research, author ship, and/or publication of this article.

Acknowledgments {#s0050}
===============

We received no funding support for the present study.

Conflict of Interest {#s0055}
====================

The authors declare that there is no conflict of interests.

Peer review under responsibility of King Saud University.

[^1]: Address: Başıbüyük District, Maltepe Başıbüyük Yolu Street, Faculty of Health Science, No: 9/4/1 Maltepe, Istanbul, Turkey.

[^2]: Address: Karadeniz Technical University, Faculty of HealthScience, Üniversite Mah. Farabi Cad, Ortahisar, Trabzon, Turkey.

[^3]: The results were assessed at a significance level of p \< 0.05.

[^4]: SD, Standard deviation.

[^5]: The results were assessed at a significance level of p \< 0.05.
